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I. INTRODUCTION 


A. BACKGROUND 


The estimaticn of the weight of 32 helicopter is an 
essential preliminary st2p in desiqn procedure. The aero- 
space industry uses large somplex conputer programs with 
Memerteds Of inputs in order to obtein the predicted weight 
ef the various helicopter systems. Th: Q 
most accurate method in determining or 
mimactlal design and construction. Howev 
require é detail knowledge of the components and materials 
memepe used, which are not normaliy 2availab Ss 
industry. Therefore, anotner method using the HP4Y1-CV hand 
Melba Calculator cr «he IBM 3033 was undertaken that w 
give acceptable results while providing insta 
tions. To date, no known orcegrams of his type nave been 
designed for the HP41-cV or IBM 3033. 


Be GOALS 


fmenOn ,ectave Of =cthis study iS => provide a selif- 
Beomprtirnd, alpha-numeric computer program for néelicopter 
weight estimates. Meoddt. 2On 1 2s So 
Aeronautical Engineering students at the Naval Poe 
SBerocol enrolled in the Helicopter Design ard Advanced 


Helicopv*eér Design courses. 





II. APPROACH TO THE PROBLEM 
The tasic approach was to write a computer vrogram on the 
meme 2033 USing Fertran IV and converting this program «+o 
HPG1-CV usage. The program consists cf the fcllowir 
subroutines: 
ies AB geo bie 
BS. OUT EUT 
C. Observation 
Dic VO rey, 
tee as ae 
fms Me hod Gcqreatiy reduces the amount of computer memory 
qu:.red. Som GleameswOpserVaceion, U=ilitzy, and Cargo are 
cndependent of c¢ach other and deéepeadeant only on the Input 
and Output subroutines. 
‘hese subroutines use p 


a 
meee best curve fit of the vari 
g 


knowledge of helicopter wai Wwever, a 
Merc k,OCWLesage cr heiicopt == chacteristics and aerceday- 
mates, 2€1ONG With proficiency in either «he IBM 3033 or 


HPY1-CV is required. 





III. EPHE SOLUTION 


Weight data was collected for 14 military helicopters. 


These helicopters were separated into three categories; 
Bpserve=ion, utility, and carysc. This provided a more accu- 
rate weight estimate relationship (WER) for the 18 systems 
as providced by Military Standard 1374A (Table I). Due to 
the selection of helicopters, & WER for the a was not 
Meqwacted. The aiz condizianing and anti-icing weights vere 


Pod 


data was obtained from actual 


iD 


Gombpined into one WER. Th 
Military records located a 
imde) Cali. tornia, { Ref. 1] and Edwards Air Force Base, Ca. 
meeeer2s je In addition Jane*s All The Worlds aAircraf£* 
(Ref. 3], Jane's Pocketbook of delicoprters {Ref. 4&j, anc 
Meee CR152315 FREE. Si] were usec. The data are summarized 


Peereaole Ti. 


erat Scene AENyY Atmeeeid , FF». 


In analyzing the data design gross weight was the maior 
SemeclatiAg fact cm in determining the individual systen 
Mewagnts. There are eight factors that affect grss 
empty weight, biade planform area, nun a 
persomrnnel eee: Luel, norsepower, cargo weigne, end 


hRumber of engines. 


5) 
3 


Mer i=zgong shese factors and an HP4Y1-CVY curve £ 


Beogram, parametric equations wer 


iD 


Obtained for each of the 


U 


MemwCGPeer SySsters, proyiding accentabie results for ¢stab- 
Bashing prelininary design weights. The — for each 
Byes helicovter ere found in Table III. xampl2 probiems 
memgecne HP-41CV and IBM 3033 are contained in Appendix A ard 


Appendix B. 
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TA Di ae 


Observation Helicopter Weight Estimating Relationships 


Kotor 


Tals 
ROtor 


STLEUCUuL< 
Body 
Larding Gear 
Naczile 


Peooulsio: 
Engine 


4 | 


Drive 

ruei Tanks 
Pisani t Cortrcls 
Aux PoOwsr 
Instruments 
Hydraulics 
mile ctr:cal 


Avionics 
Beer = Sings 


Air & ice 
Load & Handling 


Wie. 5625* 1p (S) = 11922917 

eee ee eae (. 01005 2 wt ) 

W2B = 19.131 * In(Stt) ~- 32.4174 

Nee 0090 P= Sp. 917 

Wa= =20559 * Ag + 200.912 

W5 = 34.0 

WOA = =.0896 * Ho + 221.3838 

WOB = 175190 * exp{ .0008 * wg) 

NOG i=) ssc, (FQ /6.57™*1.0710 

W7 = .000000000128 * Wo**3.469 

Wege— Oa) 

49 = 24.571 * 2x0(.0004 * Hp) 

#10 = 0.0 

Wie o - Obo1~ ln (Sb) +367.947 

W112 = 1062.00451 - 122 -252 | e 
n(1120 2354 exp (.003 Pp) ) 

WIS) —6is.6g00 * 4exn(. 372 *>eop is) 
Pe (er 5 3 <5) ) 

Wie soos = ini(Sby + 143,396 

W15 = 0.0 


Symbois Uséei In WER 


Psople Number of crew and personnel 
Sp BOQyY SUE face az=a (sq == 
WG ck Reagan (15s) . 
we Manufacturers aapty Werght_ (ibs) 
S Main rotor planfcrm are2a (lbs) 
Hp Shaft dorse Power (ibs) 
ruel Amount of casi _ (ibs) 
Sec metal aii surtacs 227238 (sq £*) 
APPROXIMATIONS 
Gross Weight 
Wg=173.701 * Wex*, 378 
Tail Surface Are2 
Ses 204 * 2¥90(.0135.*Hp) 
Body Surface Area 
ogee (eae Sint wg) = 13060.779 
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Hydraulics 
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must. Sshings 
Mir & ice 


Load & handiing 


Gross We¢ig! 
Tee Sutra 


re} 
t+ 


(1Q & 
cF# MQ 


Body Surface 
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FHelicorfe 
¥GIrOSS 


ers with 
Wenn g ssa ter = 


wage e Li 
er Weight Esti 


Wi tte) 02.5 5S — 


168.828 


Relationships 


W2A = .00438 * Wg + 12.470 

Wace 2et lls ct = 19.531 

Coe eo Oem De Fe. 27 2 

WH =, 625 * exp(.C00062*%g+8.920) 
#w4 = 301.577 * In (Wg) -2319. 8990 
Noes Oc eee XD OOU0G2*tc + 8.02) 
HOA = 139.0 + .451 * Up 
*WOA = 295.0 + .188 * Hp 
Wope=-—s7tl. So0 * an{Hpy -—48542. 0020 
Rom =ecoae ct) ~ Ir (us /6. 5} 

=e 5O5 S74 1 

Cee eee aeoae *5x0 (000059 * Aq} 
NB = 0.9 
*WE = 150.0 

See oe eH) 312.237 
Wie seO0 362 © Wo -£517.553 
Wetec sore Lm (oo) —- 2794. 5390 
Wes 2 139° * Gp + 77.823 

Whee= .175*Sb + 22.0*Pecple - 10.0 
Wise lgees oo = 2a (5d) =. 730.252 

W715 = 64,5 


Approximations 


ri 16239.430 * ln(We) - 
rea 
+ = .0376 * Hp - 8.106 

= 636.081 -000011 * 


oe ne || 
two engines 
Enan oO 00 LDS. 
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Carge Helicopter Weight Estimating Relationships 


mo a1 = 707.174 * sxp(.0053¢ * S$} 
*kW1 =1414.348 * exp(.00539 * S$) 
yee tall 
ROZOLr W2ZK = 324 .550*%1n (Wg) —-3021.579 
Sc cuctur ec Woe Oe ee. O30 ee StS 
Be EOCY 
W3 = 2.96T8.© Sb - 1321.921 
**H3 = 3467.291*1n (Sb) -22118.298 
YW. Landing Gear WH = 258.358 * EX?P(.000041 * Wa) 
5. Nacelle W5 = .0714 * ( .2041¥*¥ Wa ) **¥1.136 
Ge Propuls: OT 
Engine WOA = 348.0 + .910 * Hop 
**WOA = 565.507 * |xp(.000198*H?E) 
Drive Wop veo ooa HOt =. S59 
Fuel Tanks N#6C = 454.619* (Fuel s6.5) ** (-.0506;) 
Pesta agh= Contrcis W7 = .00334 * WG**1.224 
8. Aux POWST WS = 139.0 
9. Instruments Wome Oooo = Fa (Hip) = 367.398 
mes rycceulics W10 = .000000563 * Wq**1.563 
ii 2LeCct>ical W11 = 9.780 * Sb**.539 
zea vLOrics W 12 Be ee oe) 198 6 GG25} 
fee rurnishings Wie =—e 157 € Bob t+ vic. 11 * 22 eop Le 
14, Air & Ice Ae iio 771 * ta (Sb) “= 710.596 
fee LOad & Handling #15 =-72.0 +.111*Sbd + 3.490*>Ds0pie 


Approximations 


Gross Weight 

“WO = 4.975 * Wex*, 887 
Tail Surfacé Area 

See 0 t27 ee exp (.000 145 * Hp) 
Body Surface Area 
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*x*Tandem Helicopt er 
Stt = 0.0 
Sb = 567.688 * exp(.000041 * NG) 
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IV. SYSTEM DESCRIPTION 


frees Section provides a detailed discussion of sach system 


iD 
Qs 
aed 
ty 
tr] 
rey) 
0 
{4 
Ww 


as descrited by Eeltramo [Ref. 5] and summariz 
ii. 


A. ROTOR 


The rotor system consists of the biade assembly and the 
hub and hinge assembly. The blade assembly includes che 
interspace structure, leading and trailing edgés, «ips (if 
not integral), balance weights, and nounting hardware 
blade foidings. The hub and hinge assembiy includes «re 


exe, Universal “oints, shafting between the rotor systen 


oa] 


So a tea. ONS VS seu, 


WW © 


and the drive box, space=z=s and bDushin 
Meeeinds, pins, drag brace, retention s<rao assembly, and 
eners and misscellaneous hardware. 


Be. TAIL 


The tail system inciudjes all the a 
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fv 
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Peeeecne mounts fer *he tail rotecr. Tan 
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fa. 
QQ 
O 
i 
ct 
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Mice considered +c have a tail. 


C. BODY 


mac body Gons2sts of the fusiage shell structures, door 
eng Windcw frames, floors, buikheads, ccckpit windshisid, 
Beams adcme. Door actuation mechanisms, aizrstairs (when 


instaliedc) and leading ramps are aiso included. 
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D. LANDING GEAR 


Wiemsvocc on ne udes danding gsa> structure, which is 
Meme uO Of Struts, Side andi drag braces, trunnions azi 
meeaecnmert cittirgs. The laniing gear controls incl 
Gemponerts for braking, steering and retraction (if 
able). For whesl type landing gear this also inclu 


wheels, trakes and tires. 


Ee NACELLE 


This includes the engine mount, Firewall and cowl struc- 
Mare, engine air inist, o1l1 cooler scocp and niscellanecus 


installation hardwars. 


Fe PROPULSION 


+he 


e 
the d 


m 
System. The fuel s 
system, fuel dist 


fuel tanks. 


G. FLIGHT CONTRCLS 


Maes System c<ncludes: cabin con=ro 
Semumn, ccllective pitch lavers and ru 
pedai); mechanical operating mechanism 
Stablizing bar,linkxages, bearings, and 


Meroeeaditc Controls; fluid; and miscellanecus hard 
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H. AUXILIARY POWER 


The auxiliary power system supplies ail power for ground 
Sepectetszons in lieu of ground support equipment. Tness oper- 
merers include: cabin ground air coniitioning, engine 

a 


meareing, and driving a generator for electri 


I. INSTRUMENTS 


Mosesunenc=s ~eblorm basic monitoting and 
mors essociated with the»flight or the helic 
electrical, hydraulic and pneumatic tystems op 
engine gece else nS endmaleledUancacy, [he Ihstluneant syste 
Bie wdaecs COcKpi+ indicators amd warning lights, tranducer 


seamae iprputs, circuitry, and the ncnltoring devices. 


Je. HYDRAULICS 


Peewnvoraulic SVYstem SonSists of the oumps, Teserveirs, 
eieeeers, acctimulators, tequlators, vaives, naniteolds, plua- 


Peng, ctiuid, and supports, and moun*ing hardwars. 


Ke. ELECTRICAL 


mee clectrical system supplies power to 4&@ variety of 
Melscopter cperatina components, including, amoung others: 
[Mere s, avionics, instruments, passenger and cazsgo dcr 
@esgo hoist, and environmental control s 

me eclectmical System Sonsists of the AC dower systen, 
the DC power system and lighting system. The AC systen 
encludes power generating equipment, while the DC power 
PweecM includes converters and batteries, and both include 
SmemmececsSsary Cortrols, wiring, cables fittings, and 
supports to distribute thea electrical 


Peuece tc the electricaz vower center. 
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iicmegneang system includes all interior and extericr 
Mmeynes, =ogether with the switches, associated citcuitry 
from the e€lectric power canter, and support hardwars. 

Mneawon Adecantacizculzery leading from the electric power 
Genter to the various components which use electricity are 


included with the respective systems. 


Le AVIONICS 


Mas evionies SYSteEm CONSLSts of the integrated fiight 
nN 


guidance and ccn*rol subsystem, communication subsysten, 
navigation subsystem and miscellaneous equipment subsysten. 

fie nt sqraced Elight guidance and conzrols subsysten 
Meciudes the autc pilez unit, the flight direct 


> 
gyrocompass unit, the attitude and heading referéen 
ema@eche inertial navigation unit. These unit 
Pendent end may te either separat¢s, interconnected units or 
meee inc-egracea functional unit. All indicators, ssrvcme- 
Srmana2sms, and associated circuitry, =uppe 
meeachmer.ts related to «he integrated fl 
controls subsyst4m are aiso included. Al 
colccazted with this subsysten, the auto- 
Menagemert unit is part of *he propuision systen 
Meee lions *o control the engines. 

The communication subsystem is separated 
and external units. The internal coan 
includes the interphone svstem, the ou 


and the mul«=iplex (MUX) system. The s mm@unication 


n 

ddr2ss system, 
m 

Moe inciudes the transceiver equipment which is u 

mmmerart—-*+O-airCrart or aircrart-to-jround communications. 

The navigation subsystem includes ail radar equipment, 
Meemeciccma:ic Girecticn finding (ADF) unit, the distance 
Peeueeng equipmenc (DME) unit, tha jioppler unit, the navi- 


Meteor Computer units, =he station-kzeping unit, the 





my 


mae tical 22> 0 
MOR) Unit, the’. 


Vian 2er ih acAN) Unit, “he variable omnirangs 
arker beacon, the instrument landing syste 
Mins), n= collision avoidance unit (CAS), the airpor- 
Mmeatric cont>o. (ATC) tinit, the radio altimeter, the glide 
Slope indicator, and the radar beacon unit. All the naviga- 
Mmeon Un-tS, indicators, antennae, aStociatéed circuitry and 
amtenne coaxial cable, and the units! supports and attach- 


ments related to the navigation subsystem are included. 


M. FURNISHINGS AND EQUIPMENT 


th 


- 
i 


}-- 
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WD 


MQ 


7) 


$-- 


Furnishings and equipment include a 


’ 


2G ae y LC 
O 


t+ 
{3 


Vv 
the cockpit and the passenger and/or c2rgo compariwmen 
na 


2 
console panels, seats, insulation, lining, crew oxygen 


cl 


the cockpit, this category includes ali instrument 
Meee @- and ceckpit dcor and vartitions 


Ne AIR CONDITIONTNG AND ANTI-ICING 


Wien Cy) SUDO Lang 
abin, neéats the cargo compartnent 
5} 
Seaeer ccoling. 
MitcmiGluC eG URGticnrs Caf be performed either by het 
Meeed ait C= by electrical heat. Bleed ais svsten 
ali ducting from the main oneumatic source 


meee, ©Cum the pnct air cavities. fae rs: 


(D 
er) 
qt 


me electrical blankets éasten O 
mere cal items, ftlus ell wiring and sentr 
in the passerger and/or cargo comp 
MrelLudes seats, floor covering, insu a 
Bessing structure, and passenger comfore items such a 


Geaeiecy Or lavatory installations. 
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Miscellaneous items include the zngine and cabin fire 
extinguisher systems, fir2 warning systam, exterior finish, 
and emergency eqtipment {i.e., first aid kit and fire ex:in 
Oasher). Cargo loading equipmen= is aiso a vart cf this 


SySten. 


G. LOAD AND HANTLING 


Thie system consists of loading and handling geer, 
meee. ng provisions for jackizg, heisting and mooring, ané 
ballast. 
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V. RESULTS AND CONCLUSIONS 
As stated earlier, the primary objective of this study was 
to develop 4 rapid and easy méans for estimating systen 
weights during the preliminary cesigqn phase. The computer 
programs that were developed result in acceptable estimates. 


The validity cf the cutput is axcellent for the intended 


md 


purpose of prelininary heiliccpter desicn weight estimations. 
However, individwyal systems sometimes experience large 


errors in estinated system weight, as compared to actua 


b 


but when combined with the other systems that make up tne 
helicopter the error is small. Thess imitations re 
from: 

A. Data missing or unreliable. For exampi2, smaller 
nacelles usually hac no defined surface area, or an indi- 
vidual system was divergent from the overall system norm. 

n 


Mmerserore, hese were not included in tne WER. 


Be There is no defi 
e 


Huse of skids or 


ct 
6 


Ww 
arbitraliy used as the 


hange ov berween skid and tell. 
Meee ene Variwous ermed forces utilize different avicn 


systems. In order to obtain 4 : 
Seem servic wouid be required, resulting in additional 
computer inputs. Instead, zhe avionics WER's were averaged 
to produce but ore input 

Poe nese wWaS NO faczor which distated when auxilianr 
power wés required, therefore averages aux weight was used 
Beeeche Cargo cateqezy WER. However, in the utility 
Gategory it appeared that only heiicopters with two engines 
meoeeux i liary power, therefore this was the criterior for 
meeutil-ty WER. 
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user shervld utilize the enclosed example preobiens as 
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MeteweonVOCK FG With the computer. This wiil 
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ser that he nas implemented the progr 
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@errectiy or assist in debugging if incorrect. The user 
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executing any precgram. 
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AVIEW 


LISTING 


le: 
20 
OA 
22 
2a 
24 
Z> 
26 


STO 06 
NSoHD?" 
PROMPT 
STO. 07 


ei ee 


PROMPT 
S20, 08 
ND 


23 


124 
te 
126 
127 
128 
ize 


me eT 
ati Se 
PAGAL Ne 
PROMPT 
50°30 
END 





rie 


DeSPLAY 


NE? 
Se 
Ee 
ew? 
CGO? 
ere 
Sie ? 
NENG? 
TANDEM? 
AGAIN? 
WG EST= 
ROTOR= 
TAI L= 
BODY= 
GEAR= 
NACE= 
ENG= 
DRIVE= 
fae S= 
CNTR= 
AUX= 
INST= 
HYD= 
ELEC= 
AVIN= 
PRN= 
ATAC= 
LH= 
REV 
REV 


WE= 
WG= 


Peo Unt : 
PIOMp es 2 
Prone: 
P2ompn < 
Camp c. 2 
eee Oi. ¢ 
EO MD 3 
PrOMpt: 
Prompt: 
Pompe: 
ANS wer: 
Answer: 
ANSwer?: 
KiSWer?: 
ARS wer: 
ANS wer: 
ANSW2Ir: 
ANS wer: 
ANSWwer: 
AnSwe2r: 
Answer: 
ANSWEr>: 
Answer: 
Answer: 
Answer: 
Aas we = s 
Answer: 
Answer: 
Answer: 


Answer: 


LISTING OF CALCULATOR DISPLAYS 
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WOC 
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MAIN PROGRAM 
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RWE 
WE 
WG 
“G1 
W7 
ae 
w2a 
W228 
W3 
a4 
WO 
a6 
W6OA 
465 
W6C 
W7 
W8 
W9 
410 
W117 
W112 
W13 
Wu 
415 
CARGO 


Revs = eee NS ELGHT 
Lehner  aeiGHt 
Mmeapeone ss We lGHT 
YOUR MSGi @5o0 v2 2GHT 

MAIN ROTOR BLADE 
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LANDING GEAR 
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| DAAUGECS 
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FURNISHING AND EQUIPMENT 
Mina ne fan) AUR CONDITIONING 
LOADING AND HANDLING 
TOTAL WeIGHT OF CAnGO AND BAGGAGE 
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WEIGHT TOTAL WEIGHT OF PERSONNEL 

PEOPLZ TOTAL NUMBER OF PERSONNEL 

S MAIN ROTOR BLADE PLANFORM AREA(SQ FT) 

NENG NUMBER OF ENGINES 

HP SHAFT HORSEPOWER 

FUEL TOTAL ON BOARD FUEL CAPACITY (LBS) 

CREWWT ACTUAL WEIGHT OF CREW PERSONNEL ONLY 

HERUN INTEGER INPUT FOR RERUNNING PROGRAM 

COUNT COUNTER FOR PAGE OUTPUT 

TANDEM IF 1 THEN HELICOPTER IS TANDEM 

K CONSTANT (INITIAL EMPTY WEIGHT minus 
REVISED EMPTY WEIGHT) 


MAIN PROGRAM 
He ok eae ake ie te pak ak eRe kok ok a ek ook oe 


CYOCY OY 0) a a aa GY Geer Or are Gr} 
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ty 
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Di) 
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3 
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CD 


(5,*) TYPE 
(oyecmac. 1) CAnL os 
mice =e.2) CALL ITIL 
Meee ncss) CAL CA2GO 
FRTCMS ("CLRSCRN ') 
ITS (6,30) 

ZAD (5,*) RERUN 

(KZRUN. 70.1) GO T9 10 
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aorwen en leone Of HELICOPTER ARE YOU DESIGNING ? 

Sox PCs oe VATLON /,44,11H 2 UTILIT 

Se eernGO /loH aGNTER 1, 2, OR 3) 

BO FORMAT (30H DO YOU WANT ANOTHER RUN ? 
1748 i= Y8Se 7s O = no) 
aD 
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OBSERVATION SUBROUTINE 


SUBROUTINES OBS 
REAL K,NENG 
PNTSGSERBCOUNT 
COUNT=0 


Gia INSU MAe, fo, ll OrL s,dDLGHT,22°GO, FUEL, AP, NENG) 


NG=173.701 IWE**.378 

STT=. 264* EXP (.0135*HP) 
SB=194.,274 *ALOG (WG) -1 306.779 
W1=408. 562 z*ALOG(S)-71142.917 
W2A=2.219* EXP (.0005 * WG) 
eee 19. Is PeALOG (STT) —-32.414 
W2=W2A+W2B 
LOO) USNS Net aa TERS (af 
W4=—-.0539* kG+200.912 

W5=34.0 

46A=~- .0896 *HP+ 221.388 
Mor—17. 190424 P( .0008 * AG) 
W6OC=,. 384* (FUEL /6.5) ** 1.07 10 
WO=NOA+WOBt*HOC 
W7=.000000 000 128 *WG** 3.469 
W8=0.0 

W9=24.571* EX? (.0004U0% HD) 
W10=0.0 
W11=-51.06 €*ALOG (SB) ¢ 367. 947 
@12=- 122. 2 €2*ALOG( 1120.354 * 2XD( .003 * HE)) 


* +1062.090451 


OSS acs ieee (2357 2*2 EOPLE) € EXP (-.033*SB) ) 
W1W=-22.37 1*¥A LOG (SB) + 143.396 
W#15=0.0 
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ec. 


CALL OUTPUT(RWE,WE,A1,H2,W3,W4,W5,W6,W6A,W6B,WEC, 
*17,W8,W9,W 10,011,012, W13, 014,015, 0G, KG1,N, 
HCREWWT, FUEL,CARGO, W2IGHT, COUNT) 

DP (hese. 1. 02*05)GO TO 20 

ire OemeGor TO! 10 

RETURN 

END 


UTILITY SUBRCUTINE 


SUBROUTING UTELTy 
ROAL K,NENG 
PNaeGoR COUNT 
COUNT=9 


ee me Ut(hy, o>, FOekrgWe toll, ARGO, FUEL, HP, NENG) 


WG=16 239. 4 20*A LOG (WE) -130252.750 
STT=. 0376 * HP-8. 106 

SB=636.08142XP (.000911 * WG) 
W¥1=11.0702 4S-168.838 

W2A=. 60438 *WG+12.470 
W2B=2.411* STT- 19.531 

W2=W2A+W2B 

W3=.282¥*SB¥*1. 272 

W4 = 301.577 * ALOG(WG) -2319.890 

IF (WE. LE. 6 000) W4=. 025 *BXP (.000062*4G +8.02) 
W5=. 02*EXP (.000062 * WG +8.02) 
W6A=130.04+.451*HDP 

IF (NENG. EC.2) W6A=295.0+.188*4D 
46B=741.46 C¥ALOG (HD) - 4542. 0429 
W6C=363.24 C¥ALOG(FUEL /6.5) - 1656.5 21 
WO=W6A+ W6B+W6C 
W7=210. 853 #EXP (.000059 * WG) 


et, 
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WS=0.0 

TF (NENG.2Q.2) W8 = 190.0 
39=56.9975 *ALOG (HP) -3 12.237 
Y¥10=. 0936 24WG+ 11.553 
4¥11=481.73 5*ALOG (SB) - 2794 ..530 
W12=. 139*H E+77.823 

W13=.175*S E+22.0*PEOPLE-10. 
@14=122.45 EXALOG (SB) - 730. 252 
4@15=84.50 


CALL OUTPUT(RWE,WE,W1,W2,N3,8%,85,W5, HOA, NOB,WOC, 


*W7,W8,W9,W10,811,812, W13,W14,815, 9G, 4G1,N, 
*CREWWT, FOEI,CARGO, WEIGHT, COUNT) 


aS (Ky) sLEaesO2442)GO TO 20 
Te {N.20.1) GO TO 10 


ea 


cs 
oI 


CARGO SUBROUTINE 


SweeOucits CARGO 
RIAL K, NENG 

Pies GEReCOUNT 
CCUNT=0 


CALL INPUT (WE,S, PEOPLE, WEIGHT, CARGO, FUEL,H?, NENG) 
WRITE (6,71) 

READ (5, *) TANDEM 

LF (TANDEM. FQ. 1.) WRITE (8,72) 

IF (TANDEM. FQ.0.) WRITE (8,73) 


WG=4, 975*W E** , 887 
STT=60. 12 7 *EXP (90014 S¥*HP) 
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SB=426.3784EXP (.000045 * WG) 
W1=707. 174 ¥EXP (.00539 ¥S) 

WOA = 348.C + .910*HDP 
W2A=324.55 C*ALOG (HG) - 3021.510 
W2B=- 18.0+ 2. 383*STT 

W3=2. 918*S E-1321.921 

IF (TANDEM. NE.1.)GO TO 45 
Sro=020 

SB = 567.6 GB*2XP(. 000 041*WG) 
W1 =2*W1 

W2A=0.0 

W#2B=0.0 
W3=3467.29 1*ALCG (SB) - 22118. 298 
W6A=565.50 TREX? (.0001 98 *H5) 


WZ=a2At+W2B 
W4H=258. 358 4EXP (.C0004 1% KG) 
W5=.014*(. 204 * NG )**1.136 
Woe=. 999*H eee 959 

W6C=454.615% (FUEL/6.5) **(-.0365) 
WO=WOA+ WEB 4+WOC 

W7=.00334 *WG**1.224 

W8=139.0 
W9=68.266* ALOG (HP) -38 7.592 

W10=. 000000663 *WG**1. 863 
W11=9.780 *SB¥*, 539 

W12=1.908( 10744.967*A LOG(HP) - 19 3666.0) **.536 
W13=. 159*SE4#+18.11*PEZO PLE 
W1G=117.77 1®ALOG (SB) - 710.594 
#15=-72.0+ .111*SB+ 3.4 SO0*DEOPLE 


CALL OUTPUT(RWE,WE,W1,W2,N3,W4,N5,N6,WOA,NOB,NOC, 
*07,W8,89,8 10,811,912, W13, 814,915, 9G, WGI,N, 
*CREWHT, FUEI,CARGO, WELGHT, COUNT) 
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IF (ABS(K) «LE. .02*WE)GO TO 20 
IF (N.2Q.1) GO TO 10 


Ponto (eee OU DEST GNING A TANDEM HELICOPTER ? 
RH NS 7 et) 
POawAtl( UT Vor wa PANDEM HELICOPTER iS BEING 
*DESIGNED//) 

POrMAL (TL Vo, ae TANDEM HELICOPTER IS NOT BEING 
*desigqned//) 


OUTPUT SUBROUTINE 


SUEROUTINE OUTPUT (AWE ,WE,N1,0d2,N3,N4,05,WO,N6A, NSB, 
*N6C,N7, 488, 49,W10,W11, 12,813,814, 915,9G,NG1,N, 
eeCa owe, FULL,CARGO,WrlGHT, COUNT) 

Roe A eek 

ieee.) CO GNT 

RWESW1+W2+ WO+NOtWS 406 +N 74 NS84H94N 104011441 24N13 
*W144WN15 

CREWWT=WeEIGHT+CARGO 

WG T=RNe+r UEL¢CKRSWWT 


=~ 


K=WE-2WE 

CALL FRICMS ('CLRSCRN ‘) 
WRITE (6,210) WE 
WRITE (8,210) WE 
Nees, 0,220) WG 
WEEnee(S, 220) WC 
WRITE (6,220) W1,W2 
WRITE (8,230) wW1,W2 
WRITE (6,240) W3,W4 
ee oe O:e0) ee Ce 8 
WRITE (6,250) WS,W6A 
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20 


210 
APA, 
230 


WRITE (8,250) W5S,W6A 

WRITE (6,260) W6B,W6C 

WRITE (8,260) W6B,W6C 

WRITE (6,270) W7,W8 

WRITE (8,270) W7,W8 

WRITE (6,260) W9,W10 

WRITE (8,280) W9,W10 

WRITE (6,250) W11, #12 

WRITE (8,290) W11,W12 

WRITE (6,300) wW13,W14 

WRITE (8,300) W13,"14 

WRITE (6,310) W15 

WRITE (8,310) «15 

WRITE (6,320) RWE 

E (8,320) RBWE 

WRITE (6,320) CREWWT, FUEL 
= (8,330) CREWW?, FUEL 

ARIVE (6,340) WGI 

WRITE (8,340) wWoG1 

Me INNES (x) 2LE- .02 * we) GO TO 20 

WRIVE (6,350) 

ARIVE (8,350) 

WRIVE (6, 360) 

2EAD (5,*) N 

ARITE (8,370) 

COUNT=COUN T+1 

(CCUNT. FQ.3) WRITE (8,380) 

(N.EQ.1) WE=RWE 


raj 


1H 


I 
rif 


RETURN 


Pei eeh 
PIMATE (LSS) = ,F11.3/) 
35, 'TAIL=,750,F8. 3) 


Pons eo aMETY WELGHT ESTIMATE (LBS) 
BOA m lo, 8GROSS WEIGHT ES% 
Bemian (oROtOn. =,TZ21,F 8.3, 


ty 
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240 


250 


260 


270 


280 


290 


390 


310 


320 


330 


349 
S20 


300 
370 
380 


Howe UBOny = ,121,78.3,735,* LANDING GEAR=,T50, 
* iS. 3) 

POpmnent NAChE be = ,£f21,78.3,735,'ENGINE = ,f50, 
“723 ) 

LOnwwmCwOnelyee = ,rZ2, 58.3 ,135,° FUEL TANKS 
*F8. 3) 

HOMMAEt Gieteadr CONTROLS = ,-221,°38.3,7T35, 
*'AUX POWER = ,T50,F8. 3) 


i 
. 
a 
Wn 
© 
~ 


FORMAT (* INSTRUMENTS = ,721,78.3,T35,'HYDAULICS = , 
*750,F8. 3) 

PORMAT("ELECTRICAL = ,T21,F8.3,7T35,'AVIONICS = , 
*750,78. 3) 

FORMAT(' FURNISHINGS = ,121,F8.3,735,"ICE AND AIR=, 
*T50,F8. 3) 

FORMAT(21H LOAD AND HANDLING = ,T21, F8.3,/) 
FORMAT(T10 ,2UH REVISED EMPTY WEIGH’ = ,F11. 3) 
FORMAT ("PERSONNEL & CARGO = ,722,F8.3,735,'"FUEL =, 
*78.3/) 

FORMAT(T10,21H YOUR GROSS WEIGHT = ,F1 

FORMAT (T5,53HINITIAL AND REVISED EMPTY WEIGHT VARY 
*BY HORE THAN 27%) 

FORMAT (" FOR PECYCYLE, ENTS2 1 -- OTHERWISE 0O') 
FORMAT (////) 

FORMAT (141) 

END 


INPUT SUBROUTINE 


SUBROUTINE INPUT(WE,S, PEOPLZ, WEIGHT, CARGO, FUEL, 
*HD, ENG) 

REAL NENG 

CALL FRTCMS ('CLRSCRN ') 

WRITE (8,380) 

WRITE (8,30) 





WRITE (6,4() 

READ (5,*) WE 

WRITE (8,5C) WE 
WRITE (6,6(C) 

READ (5,*) S 

WRITE (8,7C) S 
WRITE (6,80) 

READ (5,*) PEOPLE 
WRITE (8,90) PEOPLE 
WRITE (6,100) 

READ (5,*) WEIGHT 
WRITE (8,110) WEIGHT 
WRITE (6,120) 

READ (5,*) CARGO 
WRITE (8,120) CARGO 
WRITE (6, 140) 

READ (5,*) FUEL 
WRITE (8,150) FUEL 
WRITE (6,160) 

READ (5,*) HP 

WRITE (8,170) HP 
CALL FRTCMS ('*CLRSCRN ') 
WRITE 46,150) 

READ (5,*) NENG 
@RITE (8,2C€0) WENG 
WRITE (8, 1&0) 


fee UN 
30 BO |G, bon Sk* TNETEIAL INPUT +e ek eR eee //) 
4Q SOP emis HNL EAC EMPTY WEIGHT ©STINATS (LBS) "') 
50 BOM nee tA SM OrY WELGHET ESTIMATE (LBS) =,F 11.3") 
60 FORMAT (S4E SNTSR BLADE PLANFORM AREA(SQ FT) ) 
70 SORMATe(S nee haADs PLANFORN AREY (SQ FT) = ,F8.3) 
80 Dor ete creeN oR NUMBER CREW + PASSENGERS ) 
ey) FORMAL (Zar NUMBER CREW + PASSENGERS = ,F3.9) 


100 Pe esos Nahe TOT AR WELGHT OF PERSONNEL (L85)) 
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410 FORMAT (29H TOTAL WEIGHT OF PERSONNEL = ,F8.3) 

120 FORMAT('*ENTER TOTAL WEIGHT OF BAGGAGE/CARGO (LBS) ') 
7130 FORMAT (' TOTAL WEIGHT OF BAGGAGE/CARGO = ',F8.3) 
140  PORMAT (27H ENTER FUEL CAPACITY (LBS) ) 

150 FORMAT (21H FUEL CAPACITY (LBS) ,F8.3) 

169 FORMAT (24H ENTER SHAFT POWER (HP) ) 

170 FCRMAT (18H SHAFT POWER (HP) ,F11.3) 

1890 FCRMAT (T10,'****** WEIGHT ESTIMATE €¥e eee REE 7/7) 
190 FCRMAT (34E ENTER NUMBER OF ENGINES (1 OR 2 )) 

200 FCRMAT (21E NUMBER OF ENGINES = ,F2.0///) 

399 FORMAT (181) 


END 


Ge WT LXEC 


THIS FILE COMPILES AND ZXECUTES THE PROGRAM WEIGHT 
GIV? TH? COMMAND "WT <FILENAMD <DEVICE>" 

GLOZAL TXTLIB CUSLIB FORTHOD2 MGD2ZEEH NONIMSL 
GLOBAL IMSLSP IMSLDP 

FORTGI 51 

FILZEDEF 65 TERM 

FILEDEF 06 T2RM 

PILEDEF 08 DISK AIR LISTING 

LOAD &1 (START) 

SEND 
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PPENDIA z 
oe LE PROGRAMS 
This section contains example prograns for threes helicopter 


categories. 


A. OBS SUBROUTINE PROGRAM 


Maes Subroutine <=s for designing light observation helicop- 


ters. 
fee ad tremtol lowing Casds ints your calculator: 


en DUS 
Pee CUTPU 
ce Obs 


PreeexeccCuce se 1] iCllGwong =istzuctions in order. 


xo O3S" 

PROMPT aNTER Lalas feos 
BE? Vowr2 RAs. 
Se Sas R/S 
P? 3 Byes 
PWT? 600 27S 
CGO? 20 hy 
(eg 499 EVs 
SHE? 317 a7 Ss 
NENG? 1 a7 
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WG E£ST= 
RELOR= 
TAIL= 
PODY= 
GEAK= 
NACE= 
ENG= 
CRIVE= 
EeEas= 
CNTR= 
AUX= 
INST= 
HYD= 
BEeCci= 
AVI N= 
ERN= 
ATAC= 
LH= 

REV WE= 
REV wG= 
AGAIN? 


Deore eA 


Eeapeuoxemac oly cwency 
qd 


4 


yU Sei, 


2604.0 
S)Zarel 
S093 
D203 
34.0 
Ys ae 
ales | 
4Q.1 
110.4 
ae 6 

7 ee, 
0.0 
69.7 
Saree | 
60.4 
Fags (ae 
0.0 


1478.8 
Boole 


grog 


ancther 


Loe \elvelae) (abphecaus 


s2conds 


Os be 
w-~ 2h ww 


(D 


eh 
0 
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Bek UTIL SUBROUTINE PROGRAM 


Mims subrowcene i= fOr designing military utiiity heliccp- 
TéErs. 
iM eRecderhemnmarlowand cards ints your calculator: 
a Sal Ob he 
Deu Cue u « 
Co UTIL 
Pome Ce Cll Commer tel tOWwLnNg Instructions in order. 
ie2Oo UTIL" 
PxOMPT DN PRESS 
Wa? 52080) R/S 
Se FAL is BAS 
ea 13 Ras 
PWT? 2600 BAS 
CGO? 0 P/S 
ae 13235 BRS 
SH P ? 1150 R/S 
NENG? 1 Rs 





imately twenty seconds the following cutpur 


Disc LAY PRESS 
WG EST= 8698.5 R/S 
ROTOR= 692.4 R/S 
TAIL= ives; RS 
BCDY= Ali ie 7 RSS 
GEAR= 130.4 R/S 
NACE= TO 453 n/ oS 
ENG= 648.7 nO 
CRIVE= 6337.4 R/S 
F TAS= PSAs! R/S 
CNTR= cs age RS 
AUX= Oo R/S 
INST= S344) ny > 
HYD= 43.0 icy ges: 
meee i= 36 be 3 n/> 
AVIN= ZO «7 Sev Are) 
FRN= 398.5 R/S 
ATAC= 1 Pe) KS 
LE= 84.5 R/S 
REV WE= 5471.7 fay eee 
REV WG= 9459.7 R/S 
AGAIN? POUManCenes Eun erssr 1 sep as: 


heaomCt en= st °O 
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C2 CGO SUBROUTINE PROGRAM 


Mies SUDLOUcin=e IS LCE designing military cargc helicoote 


ieee rcod ttmmere FOLlGwing Cards 2=nto your caliculactcr: 


ee) anus 
be” OCUtP US 
ee Selo 


Peepeke cites. f£OlloOwing instructions in ord 


mkEO CGO" 


EeReane 1 


SHo? 
MENG ? 
PAN DEM? 


Bee Ee 


7700 
Wy 
18 

3600 
200 

1750 
US ees: 


Q No 


51 


a 


= 
- 


-_ 
' 


c 
- we 





W 


REV WE= 


REV WG= 


AGAIN? 


DISPLAY 


W395... 1 
1404.5 
270.0 
1007.3 
BOS a) 
117.4 
1744.9 
WitiSeseed 
BIB al 
394 .6 
pelea) 
1352 
34.8 
Siete) nie 
Sed oe 
452.9 
7o.4 
poo 
8435.9 


iS Bio. 9 


FOr enegeser <r 


u 
Pas Ot enmer 0 
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After approximately twenty seconds tre follcwing our 
a 


ire. Gace ta yc. 


je lat DSRS, 


R/S 
R/S 
R/S 
Ay 
fo 
SUAS 
RAS) 
R/S 
R/S 


R/S 
R/S 
R79 
a7 5 
R/S 
R/S 
ae: 
BAe 
R/S 
R/S 
Beas) 


= 


5 


Os 





A 
facies) 3i3 


>ENDIX D 


BE 
EXAMPLE PROGRAMS 


(D 

pe) 

M 

t~ 

\- 
' 


mas SECtion Contains examole programs for all thre 
@eweer Categories. This proqram contains all subroutines in 
one interactive file nanad then The program must he 
eemonled, taen lcaded dDerore it will @xecute. fo a 
this procedure an exec "AT" has been provided. S§ 

Meier tiast end write, “wt next mo the program "Weight", 
Upon completion, just answer the questions with des 
mete, The ~Ollewing is 2 fisting of "Weight" input and 


mre puc for all three typs helicopters. 


Ae OBSERVATION HELICOPTER 


5 gi iako) Ga 
Sex cen DiS PLAY GN oe 

Mer TYPES OF AELICOPTER Agkz YOU DESIGNING? 

1 OBS Sava nso 

2 Pie ay 

3 CARGO 
Pelee +,2 0r 3.? 1 
Semen CONITIAL EFAPTY WEIGHT ESTTMATE (LBS)? So 
eemeee SLADE PLANSFORM AREA(S QO FT)? ee rae, 
fies NUMBER CRE’ + PASSENGERS? 3 
fer TOTAL WEIGHT OF DERSGNNEL (L3S)? 600 
eiveen TOTAL WeiGHT OF BAGSAGG/CARGO (LBS)? 29 
Pees FUEL CAPACITY (LBS)? 499 
ENTER SHAFT POWER (H®)? oe 
Boe NUMBcR OF ENGINES (1 OR 2 )? 1 
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Ce Ou. pie 


EnewCuc pi mee benlOcated Of your "A Gisk" under Iile 


nane "Air Listing", 


Kado ACR TN IT IAL IND UT 8 2k eo ak te ok sek tek 


INITIAL EMPTY WEIGHT SSTIMATE (LBS) = 1502.000 
BLADE PLANFORM AREA (SQ FT) = 31.300 

NUMBER CREW + PASSENGERS = 3. 

TOTAL WEIGHT OF PERSONNEL = 600.009 

TOTAL WEIGHT OF BAGGAGE/CARGO = 29.000 

FUEL CAPACITY (iBS) 499.000 

SHAFT POWER (HP) HT ONG 


NUMBER OF ENGINES = 1. 


mMeRRKRK RAK K KKK YE IGKT ESTIMA 


‘2 


Do ROK RR KKK KX 


Bett ADE oie ALE {L335} 


tt 
wed 
UN 
| 
~jJ WN) 
a 
>) 
CS 
P| 


Guess NSIGHt > ERATE (LBS) = Peers So 

ROTOR = 264.015 TAIL = BAP Me 
BODY = Soe sard LANDING GEAR = a yar rues. 
NACZLLE = 34.900 BNo LNs -= Wie ao 
DRIVE = 156r012 8 FUSL TANKS = OO. 121 
MeeGHT CONTROLS = ei. 3103 AUX POWER = Oe 0 
ior kKUMENTS = Pia 93 HYDAULICS = 0.0 
BPoeeCTRICAL = BS) 5 0 Sa AVCONLCS = S76 tau 
meen ISHINGS = 60.451 ICa AND AIR = 2 Nie ae 
LOAD AND HANDLING = 0.0 

Ney SSeeeec Me tY NELGHT = as B.273.5.5 
PeeoONNeL & CARGO = 629.090 m0SG = 499.000 

MOURTGSOS> WELGHT = TS TR Bia 
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Be UTILITY HELICOPTER 
i 2 pus 
SCREEN@ D2 S PLAY Sea ER 


Mase TYFS OF HELICOPTER Anz YOU DESIGNING? 
1 OBSERVALLO N 
Z Oi aay 


3 CARGO 
pera 1,2 0r 3.? 2 
feeen CNITEAL EMETY WEEGAT ESTIMATE (LBS)? 5290 
BveeR BLADE PLANFORM ARSA(SQ FI) ? FIs 
Meee NUMBER CROW + PASSENGERS? 13 
myeek TOTAL WEIGHT OF PERSONNEL (LBS) ? 2000 
Hicen TOTAL WEIGHT OF BAGSAGE/CARGO (LBS) ? 0 
Geer FUEL CAPACITY (L338)? 133.3 
MimekR SHAFT POWER (HP)? 1150 
Ber eR NUMBER OF ENGINES (1 OK 2 )? 1 
ree OUTPUT 


it) 
t Ve 
+ 
iD 
as 
i) 
3 
WD 


Mme Guz put will be located on your “A disk" under 


fees lL sting". 


eK ROKR TN ITIAL INDUT Skee RRA KK RK ERK 


Mog AlL APT Y WEIGHT ESTIN ATE (LBS) = 52005000 
BLAD& PLANFTORM AREA (SQ rT) = Pee) 0 10) 

meoeh CREW + PASSENGERS = 13. 

Beal AS TGHT OF PERSONNEL = 26 00.00) 

TOTAL WEIGHT OF BAGGAGE/CARGO = 0.9 

gue CAPACITY (LBs) 1388.000 

SHAFT POWER (HP) Vl 0.9 00 

NOMBer OF SNGINES = 1. 
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KKK KAKA HEIGHT ESTIMATE ## ®# KKK RK EK RK EE 


Peete WEloh= 

GeeSS WEEGHT 
ROTOR = See | 
BODY = 1172.66 
NACELLE = 194.30 
DRIVE = 683.4540 
PLIGHT CONTROLS = Beer. 2 0 
EAST RUMENTS = Sai5 11 
ELECTRICAL = DOdne 2 
FURNISHINGS = 39349 
LOAD AND HANDLING = 84.59 
Roveoat £M PT yee 
PERSONNEL & CARGO = 2600.0 
Mae PG 7OS sans) Gal 


Petar AND FEVISED EAP ry 


ESTIMATE (LBS) = 5200. 000 
ESTIMATE (L3S) = 8698.500 
3 TAIL = 115.746 
7 PAVING CHane= —) 130.377 
1 ENSINZ 648.650 
6 FUEL TANKS 291.832 
) AUX POWER = 0.0 
1 HYDAULICS = ivopo 42 
1 AVIONICS 237.673 
1 ICE AND AIR Peo 
0 
GHT =: Suet. 719 
00 FUZL = 1388.999 
= 9459.719 

WEIGHT VARY BY MORZ THAN 2% 





C. CARGO HELICOtfTER 


ie 


Hen Ue 


>CREENe DIS PLAY 


Meer iY Ps OF HELICOPTER ARE YOU DESIGNING? 


et | 
ENTER 
ENTER 
ENTER 
Bit ER 
ENTER 
So ER 
ea ER 
ENTER 


Pee LOU DESTGNING A TANDEM HELICOPTER? 1 


Ds 


Mite CUT PUL WLil be located on your “A disk" 


Nait 


1 OBSERVATION 

Ze Ue by 

2 CARGO 
inc Obese 
Pit heave oY veo ESTIMATE (LBS) ? 
BEADS OLANFORM AREA(SO FT)? 
NUMBER CREW + PASSENGERS? 
ROD Aenea it OF PERSONNEL (LBS) ? 
BOanEeWETGRT OF BAGGAGE/CARGO (LSS)? 
mum GASACTITY (LBS) ? 
SHATT POWER (HP)? 
NUMBER OF ENGINES (1 OR 2 )? 


Ole Oils 


2 a5 " 
Ss AES & 


VS, 


VU Cec. foe 


rr} 
= 
rj 
ty 
Pe) 


7709 
V2 
186 
3608 
209 


Cv 


om 
~] 
wi 
Co 


— 
iF 
ne 
yu 


2 


t 
oy 
= 

) 


Ke KK KDA KKK TNITIAL INDUT **e wea 


Meee bal EMPTY WEIGHT ESTIMNATE (LBS) = 
Baader PLANPORM ARE® (SO FT) = 127.300 
meMBER CREAN + PASSENGERS = 18. 

Mepenl WEEGHS Or PERSONNEL = 365 00.000 
TOTAL WEIGHT OF BAGGAGE/CARGO = 200.000 


poe L 


saarl DOWER (HP) 


CAPACITY (13S) 1750.000 
1535.000 


NUMBER OF ENGINES = 1. 
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KAKKKA RRA PE IGHT ESTIMATE © * eR RK RRR KK KK 


Meee ehoo rk COPD Sx L> NOT s22NG DESIGNED 


EMPTY WEIGHT ESTIMATE (LBS) = 770.0000 
GRCSS WEIGHT ESTIMATE (LES) = 13935.105 
ROTOR = 1404 .482 TAIL = 269.979 
BODY = 1007.335 LANDING GEAR = 457.458 
NACELLE = 417.375 ENGINE = 1744.850 
DRIVE = 1135.124 SuSE TAKS = 331.209 
FLIGHT CONTROLS = 394.582 AUX POWER = 139.000 
INSTRUMENTS = 113.221 HYDAULICS = 34.833 
FLECTRICAL = 358.581 AVIONICS = 319.150 
FURNISHINGS = u52.899 TCE AND AIR = 76.399 
LOAD AND HANDLING = 79.424 
REVISED EMPTY WEIGHT = 2435.922 
PERSONNEL § CARGO = 3800.000 FUEL = 1750.000 
YOUR GFOSS WEIGHT = 13985.922 


Pee iatwAnD FEVESED sMieTY HEIGHT VARY 3Y MORE THAN 27. 
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